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Imaging, Diagnosis, Prognosis

Urinary TMPRSS2:ERG and PCA3 in an Active Surveillance
Cohort: Results from a Baseline Analysis in the Canary
Prostate Active Surveillance Study

Daniel W. Lin1,3, Lisa F. Newcomb1,3, Elissa C. Brown1, James D. Brooks4, Peter R. Carroll5,
Ziding Feng1, Martin E. Gleave6, Raymond S. Lance7, Martin G. Sanda8, Ian M. Thompson9,
John T. Wei10, and Peter S. Nelson2, for the Canary Prostate Active Surveillance Study Investigators

Abstract
Purpose: Active surveillance is used to manage low-risk prostate cancer. Both PCA3 and TMPRSS2:ERG

are promising biomarkers that may be associated with aggressive disease. This study examines the

correlation of these biomarkers with higher cancer volume and grade determined at the time of biopsy

in an active surveillance cohort.

Experimental Design: Urine was collected after digital rectal examination prospectively as part of the

multi-institutional Canary Prostate Active Surveillance Study (PASS). PCA3 and TMPRSS2:ERG levels were

analyzed in urine collected at study entry. Biomarker scores were correlated to clinical and pathologic

variables.

Results: In 387 men, both PCA3 and TMPRSS2:ERG scores were significantly associated with higher

volume disease. For a negative repeat biopsy, and 1% to 10%, 11% to 33%, 34% or more positive cores,

median PCA3, and TMPRSS2:ERG scores increased incrementally (P < 0.005). Both PCA3 and TMPRSS2:

ERG scores were also significantly associated with the presence of high-grade disease. For a negative repeat

biopsy, Gleason 6 and Gleason �7 cancers, the median PCA3, and TMPRSS2:ERG scores also increased

incrementally (P ¼ 0.02 and P ¼ 0.001, respectively). Using the marker scores as continuous variables, the

ORs for a biopsy in which cancer was detected versus a negative repeat biopsy (ref) on modeling was 1.41

(95% CI: 1.07–1.85), P ¼ 0.01 for PCA3 and 1.28 (95% CI: 1.10–1.49), P ¼ 0.001 for TMPRSS2:ERG.

Conclusions: For men on active surveillance, both PCA3 and TMPRSS2:ERG seem to stratify the risk

of having aggressive cancer as defined by tumor volume or Gleason score. Clin Cancer Res; 19(9);

2442–50. �2013 AACR.

Introduction
Theprostate-specific antigen (PSA) screening erahasbeen

associated with a well-established stage migration of pros-
tate cancer, such that a high proportion of newly diagnosed
prostate cancers exhibit features that associate with a very
low risk of invasion, metastasis, and consequent morbidity
and mortality (1). Multiple studies have examined the
natural history of these low-risk neoplasms, showing that
the vast majority of men with this diagnosis die of causes
other than prostate cancer, even if they are managed with-
out primary curative treatment (2–4). Nevertheless, as a
designation of low-risk cancer does not equate to complete
absence of risk, the majority of contemporary patients with
low-risk prostate cancer choose to pursue immediate cura-
tive therapy such as surgery or radiotherapy with the atten-
dant costs and side effects (1, 5–7). These practice patterns
have spawned substantial debate regarding overdiagnosis,
overtreatment, and the use of PSA-based prostate cancer
screening (8–10).

To address the problem of overtreatment, a deferred
treatment strategy termed active surveillance has been
used by clinicians as an approach to manage low-risk
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prostate cancer. Active surveillance incorporates serial PSA
measurements, physical examinations, and repeat prostate
biopsies to monitor for either the presence of occult aggres-
sive disease or progression to a phenotypemore commonly
associated with metastasis and mortality. Acceptance of
active surveillance has been limited for several reasons
including the lack of consensus on optimal selection criteria
and triggers for intervention, lack of long-term outcomes
data, inconsistent study designs in the current active sur-
veillance series, and fear among both patients and providers
of losing the window of curability. Of importance, prostate
cancer is well described to exhibit a pattern of multifocality
that can manifest as independent lesions with different
pathologic grades and distinct molecular features (11).
Undersampling of the prostate by standard biopsy techni-
ques, the lack of knowledge regarding the rates of cancer
progression and a lack of diagnostic imaging modalities
capable of accurately assessing tumor volume and histology
have prompted the incorporation of repeat tissue assess-
ments by biopsy into active surveillance protocols (12–16).
Thoughmorbidity is low (17, 18), the discomfort, cost, and
continued undersampling problem inherent in the prostate
biopsy procedure advocate for the development of nonin-
vasive biomarkers capable of reflecting events throughout
the prostate gland and suitable for repeat measurements
over time.
PCA3 and the TMPRSS2:ERG fusion are 2 prostate

cancer-specific biomarkers that hold promise for stratify-
ing risk in an active surveillance setting. PCA3 is a pros-
tate-specific noncoding mRNA that is significantly over-
expressed in prostate carcinoma compared with benign
prostatic tissue (19, 20). Urinary PCA3 levels have been
investigated for prostate cancer early detection (21, 22)
and importantly are correlated with histologic grade and
tumor volume in prostatectomy specimens (23–26). Of
the genomic alterations involving ETS oncogene family
members, a rearrangement involving the androgen-regu-
lated TMPRSS2 gene with the ERG transcription factor

(TMPRSS2:ERG) is the most prevalent (27), occurring in
approximately half of the prostate cancers diagnosed in
Caucasians (28), and have been correlated in some
reports with aggressive disease (29, 30). A clinical grade,
quantitative TMPRSS2:ERG urine assay has been devel-
oped and measurements of TMPRSS2:ERG transcript
levels associate with cancer volume and grade at prosta-
tectomy, and upgrading from biopsy histologic assess-
ments (31). The combination of both TMPRSS2:ERG and
PCA3 improved the performance of PSA for detection of
prostate cancer and predicting clinically significant
cancer (31). The goal of the present study was to
determine whether urinary PCA3 and TMPRSS2:ERG
mRNA levels are associated with higher volume or grade
prostate cancer in a multi-institutional active surveillance
cohort.

Materials and Methods
Canary prostate active surveillance study cohort

The Canary Prostate Active Surveillance Study (PASS)
clinical protocol (clinicaltrials.gov NCT00756665) was
approved by the Institutional Review Boards at Stanford
University (Stanford, CA), University of British Colum-
bia (British Columbia, Canada), University of California
at San Francisco (San Francisco, CA), University of Texas
Health Sciences Center at San Antonio (San Antonio,
TX), University of Washington (Seattle, WA), Veterans
Affairs Puget Sound Health Care System (Seattle, WA),
and Fred Hutchinson Cancer Research Center (FHCRC,
Seattle, WA; Coordinating Center), and the study opened
for enrollment in late 2008; subsequently the protocol
was approved and enrollment was opened at Beth Israel
Deaconess Medical Center (Boston, MA), Eastern Virgi-
nia Medical School (Norflok, VA), and University of
Michigan (Ann Arbor, MI; ref. 32). At the time of the
present analysis, November 10, 2010, 413 men provided
written informed consent for entry into this prospective,
observational, active surveillance study. The enrollment
criteria for PASS include: histologically confirmed ade-
nocarcinoma of the prostate, ECOG performance status
of 0 or 1, clinical T1 and T2 disease, no previous
treatment for prostate cancer including hormonal ther-
apy, radiotherapy surgery, or chemotherapy, and the
willingness to undergo serial prostate biopsies. Partici-
pants enrolled in Canary PASS are followed with serum
PSA measurements every 3 months, clinical examination
and digital rectal examination (DRE) every 6 months,
and serial repeat prostate biopsy 6 to 12 months after the
initial diagnosis, 24 months after the initial diagnosis,
and every other year thereafter. In an attempt to make
this multicenter study reflect community practice, stan-
dard biopsy templates were not mandated, however, at
least 10 core biopsy regimens are required and 97% of
repeat biopsy regimens were 12 core regimens or more.
At study entry and each follow-up visit, blood (plasma
and serum) and post-DRE urine are collected, and
DNA is collected from peripheral blood at study entry.
Deidentified demographic, clinical, and pathologic data

Translational Relevance
The identification of biomarkers that, at the time of

diagnosis, associate with the presence of, or progression
to, aggressive prostate cancer will transform the clinical
management of this malignancy. If patients and their
physicians have reliable and valid tools for estimating
the risk of disease-specificmorbidity, thenmore patients
might opt for and adhere to active surveillance regimens,
and consequently reduce overtreatment and the atten-
dant substantial costs and harms. Also, a marker or
marker panel with high accuracy for progression on
active surveillance will identify those men who could
be placed on less intensive surveillance protocols with
fewer repeated prostate biopsies, reducing the risks and
costs of invasive procedures. The study presented here is
a step toward validating such biomarkers.

Urine biomarkers in the PASS Cohort
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are stored in a central data repository at the FHCRC
managed by the National Cancer Institute’s (NCI) Early
Detection Research Network Data Management and
Coordination Center (EDRN DMCC), and specimens are
housed in a central biospecimen repository at FHCRC. A
collaboration agreement that governs study conduct and
specimen and data use has been executed at all partic-
ipating institutions. Specimens are available to the
research community upon approval of the PASS Bio-
marker Review Committee.

The initial 413 consecutive men enrolled in PASS were
included in this study. Of these, 2 were excluded due to
problems with sample preservation, 10 participants did not
provide a urine specimen, and 14 were excluded because
their specimens yielded uninformative results, leaving 387
with evaluable specimens. At study entry, the median time
since diagnosis was 10.4 months (range of 6 days to 18
years); 284 (54%) participants were within 1 year of their
diagnosis. One hundred and ninety six men (51%) had
undergone a single prostate biopsy (i.e., diagnostic biopsy)

and 49% of men had previously been using active surveil-
lance to manage their prostate cancer and had repeat sur-
veillance biopsies conducted since their diagnosis—106
men (27%) had undergone 2 biopsies on or after diagnosis,
55 (14%) had undergone 3 prior biopsies, and 29 (8%) had
undergone 4 or more biopsies. Although all subjects
enrolled had at least 1 biopsy with carcinoma, 20% of
participants had a subsequent prostate biopsy session that
did not identify cancer. In 302 participants (78%), the
biopsy that was associated with study entry was conducted
at a mean of 6.5 months (range of 0.2–46.2 months, s ¼
5.5) before study entry. In the remaining 85 participants
(22%), the biopsy associated with study entry was a
surveillance biopsy conducted on the day of study entry
and specimen collection was conducted immediately
before the biopsy. Importantly, 91% of urine samples were
obtained within 12 months of the biopsy. In this study,
biopsies were evaluated for Gleason score by a local
genitourinary-trained study pathologist using the 2005
WHO/ISUPmodified Gleason system (33). Tumor volume
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Figure 1. Box andwhisker plots of Kruskal–Wallis correlations between (A) TMPRSS2:ERG and (B) PCA3 scores andGleason score associatedwith specimen
collection; (C) TMPRSS2:ERG and (D) PCA3 scores and tumor volume, defined by the percent of biopsy cores with tumor involvement, associated with
specimen collection.

Lin et al.

Clin Cancer Res; 19(9) May 1, 2013 Clinical Cancer Research2444

on November 27, 2013. © 2013 American Association for Cancer Research.clincancerres.aacrjournals.orgDownloaded from 

Published OnlineFirst March 20, 2013; DOI: 10.1158/1078-0432.CCR-12-3283 



was defined as the percentage of biopsy cores with cancer
involvement.

PCA3 and TMPRSS2:ERG urine assay
Urine specimens were collected at each clinical site at the

time of study entry. Specimens were collected after attentive
DRE involving 3 sweeps of each lateral prostate lobe, put on
ice, and processed within 4 hours by mixing with an equal
volume of urine transport medium (detergent-based stabi-
lization buffer; PROGENSA PCA3 Urine Specimen Kit,
Hologic Gen-Probe Inc.). Specimens were stored at �70�C
until analysis with grouped shipments on dry ice to the
Central Repository and to Hologic Gen-Probe. Assays were
conducted by Hologic Gen-Probe to determine amounts of
PCA3, TMPRSS2:ERG, and PSA mRNAs in each specimen
using the PROGENSA PCA3 assay or the second-generation
developmental TMPRSS2:ERG assay as described previous-
ly (22, 31). Operators were blinded with respect to subject
clinical information at the time of testing and did not
participate in data analysis. PCA3 and PSA RNA measure-
ments were conducted in duplicate, and TMPRSS2:ERG
RNA levels were measured in triplicate. Samples with an
average PSA transcript level of more than 7,500 copies/mL
were considered informative. PCA3 scores were calculated
as 1,000 � (average urine PCA3 copies/mL)/(average PSA
copies/mL). TMPRSS2:ERG scores were calculated as
100,000� (average urine TMPRSS2:ERG copies/mL)/(aver-
age PSA copies/mL).

Statistical analysis
Statistical analyses were conducted at the EDRN DMCC

using SAS version 9.2. Descriptive statistics summarized
clinical factors. Spearman rank correlation coefficients were
calculated between PCA3 and TMPRSS2:ERG scores and
continuous clinicopathologic variables. Disease volume
and grade were divided into clinically meaningful catego-
ries, and nonparametric Mann–Whitney and Kruskal–
Wallis tests were conducted to compare PCA3 and
TMPRSS2:ERG among the groups. Univariate logistic
regression models with log-transformed PCA3 and log-
transformed TMPRSS2:ERG were fit separately to provide
ORs for prediction of positive disease and high-grade dis-
ease, respectively. Receiver operating characteristic (ROC)
curves were plotted for serum PSA, PCA3, and TMPRSS2:
ERG and the area under the curves (AUC) were analyzed
using the DeLong method for comparing correlated ROC
curves (34).Multivariable logistic regressionmodels includ-
ed PCA3, TMPRSS2:ERG, PSA, and other study covariates
commonly associated with prostate cancer including DRE
results, family history of prostate cancer, race, and age. The
linear scores from these multivariable models were used to
plot ROC curves.

Results
Characteristics of participants at the time of initial urine

specimen collection are given in Table 1. The majority of
participants were Caucasian (91%), 4%were African Amer-
ican, 3% were Asian, and 2% have other or unknown racial

backgrounds. The Gleason score of the biopsy associated
with urine specimen collection was 6 in 72% of the parti-
cipants, with one participant having a Gleason score
reported as 5, and the Gleason sum was �7 in 8% of
participants; 20% of the participants had a negative repeat
biopsy associated with specimen collection. Ninety-three
percent of participants had PSAs of less than 10, 84% were
with clinical stage T1c disease, and 94%of participants with
a known number of positive cores had less than 34% of
cores involved with cancer.

In this active surveillance cohort, the mean urine PCA3
score was 49 with amedian of 31 (IQR 42). Themean urine

Table 1. Participant characteristics at urine
specimen collection

Race n (%)

Caucasian 351 (91)
African American 15 (4)
Asian 13 (3)
American Indian/Alaska Native 2 (1)
Other or unknown 6 (1)
Ethnicity (Latino/Hispanic)
Yes 13 (3)
No 366 (95)
Unknown 8

Age at study entry
<50 13 (3)
50–60 105 (27)
61–70 201 (52)
>70 68 (18)

Median (range) 64 (38–84)
Mean 63.8
Serum PSA
0–3.99 170 (44)
4.0–10.0 190 (49)
>10 27 (7)

Mean 4.8
Median (range) 4.4 (0.25–28.8)
Clinical stage
T1a 5 (1)
T1c 322 (83)
T2a 55 (14)
T2b 4 (1)
T2c 1

Gleason score
No cancer detected 79 (20)
5–6 278 (72)
7 27 (7)
8–9 3 (1)

Volume; % positive cores
No cancer detected 79 (20)
2–10 112 (29)
11–33 108 (28)
�34 19 (5)
Unknown 69 (18)
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TMPRSS2:ERG score was 55 with a median of 12 (IQR 60).
We examined the correlations of both markers to clinico-
pathologic variables of disease (Tables 2 and 3). Both PCA3
and TMPRSS2:ERG scores were significantly correlated to
biopsy Gleason score and tumor volume, assessed by per-
centage of biopsy cores with cancer (P < 0.01 for all com-
parisons). Although others have looked at linear lengths,
biopsy Gleason score and percentage of cores with cancer
have been shown to independently predict outcome inmen
who undergo surgery (35–37). There was no significant
correlation of the urine markers to serum PSA, prostate
volume, body mass index, number of prior biopsies, time

from biopsy to urine collection, time from initial prostate
cancer diagnosis (Table 2), family history, or clinical stage
(Table 3). We also found no significant correlations
betweenurine PCA3or TMPSS2:ERG scoreswith IPSS score,
PSA doubling time, or the use of statins, diabetes medica-
tions, 5 a-reductase inhibitors, or NSAIDs (data not
shown). TMPRSS2:ERG score was not correlated with age,
but PCA3 levels were positively correlated with advancing
age (P < 0.0001), as has been observed by others (38).

We further evaluated the associations between PCA3 and
TMPRSS2:ERGand tumorhistology (Fig. 1 andTable 3).We
found a significant sequential increase in both PCA3 and

Table 2. Spearman rank correlation of clinicopathologic variables with PCA3 and TMPRSS2:ERG scores

Variable N rs P-value

Serum PSA PCA3 score 387 0.09 0.07
T2:ERG score 387 0.03 0.5

Age PCA3 score 387 0.25 <0.0001
T2:ERG score 387 0.04 0.47

Prostate volume PCA3 score 302 0.007 0.9
T2:ERG score 302 0.03 0.56

Body mass index PCA3 score 387 �0.03 0.61
T2:ERG score 387 �0.08 0.13

Number of prior biopsies PCA3 score 387 0.07 0.16
T2:ERG score 387 0.09 0.08

Time from biopsy to urine collection PCA3 score 387 0.009 0.9
T2:ERG score 387 0.05 0.3

Time from diagnosis to urine collection PCA3 score 387 0.09 0.07
T2:ERG score 387 0.07 0.17

Gleason score at study entry PCA3 score 387 0.13 0.01
T2:ERG score 387 0.2 0.0001

Tumor volume at study entry (% positive cores) PCA3 score 294 0.18 0.002
T2:ERG score 294 0.3 <0.001

Table 3. Correlation of clinicopathologic variables with PCA3 and TMPRSS2:ERG scores

PCA3 Score TMPRSS2:ERG Score

Parameter N Median (95% CI) P Median (95% CI) P

Family Yes 99 34 (26–43) 0.28a 16 (8–25) 0.37a

History No 265 30 (27–35) 11 (7–15)
Clinical T1 327 30 (27–34) 0.18a 12 (8–15) 0.32a

T-stage T2 60 38 (28–49) 22 (3–48)
Gleason score No cancer detected 79 27 (24–31) 0.02b 5 (2–8) 0.001b

5 or 6 278 31 (27–35) 14 (9–18)
�7 30 48 (31–92) 29 (13–78)
No cancer detected 79 27 (24–31) 0.004b 3 (2–8) <0.0001b

Tumor volume 1–10 112 28 (22–35) 10 (4–14)
11–33 108 40 (31–51) 20 (14–31)
�34 19 46 (18–90) 27 (4–115)

aMann–Whitney test.
bKruskal–Wallis test.

Lin et al.

Clin Cancer Res; 19(9) May 1, 2013 Clinical Cancer Research2446

on November 27, 2013. © 2013 American Association for Cancer Research.clincancerres.aacrjournals.orgDownloaded from 

Published OnlineFirst March 20, 2013; DOI: 10.1158/1078-0432.CCR-12-3283 



TMPRSS2:ERG as Gleason grade increased. For negative
repeat biopsy, Gleason 5 to 6, and Gleason�7, the median
PCA3 scoreswere 27 (95%CI: 24–31), 31 (95%CI: 27–35),
48 (95% CI: 31–92), P ¼ 0.02, and median TMPRSS2:ERG
scores were 5 (95% CI: 2–8), 14 (95% CI: 9–18), 29 (95%
CI: 13–78), P ¼ 0.001, respectively (Table 3). Using log-
transformed biomarker scores as continuous predictors,
both PCA3 and TMPRSS2:ERG urine measurements asso-
ciated with a positive biopsy versus a negative biopsy
(reference) with ORs for PCA3 of 1.41 (95% CI: 1.07–
1.85; P ¼ 0.01) and for TMPRSS2:ERG of 1.28 (95% CI:
1.10–1.49; P ¼ 0.001). The ORs for a Gleason score of 7 or
above versus less than 7 for PCA3 and TMPRSS2:ERG are
1.67 (95% CI: 1.10–2.52; P ¼ 0.02) and 1.24 (95% CI:
1.01–1.53; P ¼ 0.05), respectively. We also observed a
sequential increase in the marker scores as volume
increased. For a negative repeat biopsy, and 1% to 10%,
11% to 33%, �34% positive cores, median PCA3 scores
were 27 (95%CI: 24–31), 28 (95%CI: 22–35), 40 (95%CI:
31–51), 46 (95% CI: 18–90), P ¼ 0.004, and median
TMPRSS2:ERG scores were 3 (95% CI: 2–8), 10 (95% CI:
4–14,) 20 (95% CI: 14–31), 27 (95% CI: 4–115), P <
0.0001, respectively. The ORs for a biopsy with �34%
positive cores versus <34% (reference) are 1.64 (95% CI:
0.97–2.74; P ¼ 0.06) for PCA3 and 1.16 (95% CI: 0.98–
1.63; P ¼ 0.08) for TMPRSS2:ERG.

In ROC analysis (Fig. 2), we compared the area of the
curve (AUC) for the prediction of Gleason �7 disease at
study entry of serum PSA alone or with the urine biomar-
kers. The AUC for PSA alone was 0.68, the AUC for the 2
markers alone 0.66, and the AUC for the combination of
bothmarkers andPSAwas 0.70. The additionof themarkers
was not significantly different from the AUC for PSA alone
(P ¼ 0.08), although there was a trend toward significance.
Similar results were found in ROC analysis for the predic-
tion of more than 34% positive cores (see Supplementary
material). Results from multivariable logistic regression

models were not significant after adjusting for covariates
(see Supplementary Material).

Discussion
We report the correlation of urinary levels of PCA3 and

TMPRSS2:ERG transcripts with clinical characteristics at
the time of study entry in a multiinstitutional, prospective
active surveillance cohort. We find that in univariate
analyses, both markers seem to stratify for baseline risk
of disease aggressiveness as defined by biopsy Gleason
score or volume of tumor (% of positive cores). However,
although there is a trend toward these biomarkers
improving the power of PSA to predict high grade or
volume disease (Fig. 2), the increase of the markers is not
significant.

Men diagnosed with clinically localized prostate cancer
are offered a variety of treatment strategies including active
surveillance or primary therapies with curative intent. How-
ever, decision making for these men is currently impacted
by the lack of high specificity for detection of occult aggres-
sive disease or identification of a disease that is likely to
progress to an aggressive phenotype, and the majority of
men with newly diagnosed low-risk prostate cancer opt for
primary curative treatment (1, 6, 7), despite a growing body
of evidence that treatmentmay often be safely delayed (13–
15, 39) or avoided all together (2–4). Greater acceptance of
active surveillance is limited by several factors. For example,
entry into active surveillance programs and triggers for
intervention are currently based on a number of clinical
parameters including PSA (value, density, kinetics), clinical
stage, and biopsy results (Gleason score, core involvement;
refs. 13–16, 32), however, there is no consensus as to the
optimal criteria for safely or effectively using active surveil-
lance (40). Furthermore, prostate biopsies, which are an
integral part of active surveillance regimens, are invasive
and frequently underestimate the grade and extent of dis-
ease (41, 42).

Figure 2. ROC analysis of serum
PSA, TMPRSS2:ERG, and PCA3,
alone and in combination, for
prediction of high Gleason grade
(�7) at time of specimen
collection. AUC(PSA) does not differ
significantly from AUC(TMPRSS2:
ERG; P ¼ 0.38), AUC(PCA3; P ¼
0.51), AUC(TMPRSS2:ERG þPCA3;
P ¼ 0.86), or AUC(TMPRSS2:ERG
þPCA3þPSA; P ¼ 0.08).
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The present study begins to address an unmet need for a
noninvasive biomarker test that can provide a higher degree
of specificity for detecting aggressive disease than currently
available clinical metrics. This study is based on the PASS
cohort, which is a contemporary, multiinstitutional active
surveillance cohortwith prospective collection and centrali-
zed data and specimen storage. In PASS, high-quality speci-
mens and data are maintained by on-site training for
standardized specimen collection and processing proce-
dures along with regular site visits and data audits. The
clinical study is designed to meet the primary objective of
confirming biomarkers that predict the presence of or
progression to aggressive disease (32).

Broad eligibility criteria were used in PASS to allow most
men who choose to manage their prostate cancer using
active surveillance to enroll in the study, including men
with primary disease features that are not currently consid-
ered low risk. This broad scope of disease characteristics
allows for biomarker studies, such as the one presented
here, that should provide greater insight into the natural
history of prostate cancer and be more informative than
studies conducted using strict entry criteria. Another aspect
of the PASS design is that it allows participants who were
diagnosed with low-grade/stage disease to enroll in the
study on the day of a serial repeated biopsy, with specimen
collection immediately before the biopsy. In this situation,
the repeat biopsymay show evidence of disease progression
(e.g., higher grade or volume of disease), yet the participant
samples are still included in this present study, and the
Gleason score from the biopsy at the baseline visit is used in
the association analyses. This study includes 85 such parti-
cipants, accounting for 15 of the 30 participants with a
Gleason score �7 associated with specimen collection.

A limitation of this study is the inherent and well-recog-
nized undersampling of the prostate by current biopsy
procedures. There are several studies that report lack of
correlation of PCA3 score with initial biopsy Gleason grade
or progression (31, 43), despite strong correlations with
prostatectomy Gleason grade (23–26). However, in this
study, nearly half of the participants had at least one repeat
biopsy, suggesting more adequate sampling in our cohort
when compared with previous studies. As many of the
participants in this study had undergone multiple prostate
biopsy sessions at study entry, when we evaluated our data
for the highest Gleason score at any timepoint (versus the
single biopsy closest to study entry), the TMPRSS2:ERG
score was not found to be statistically significant (P ¼
0.40), although PCA3 remained so (P¼ 0.0019). Similarly,
using the highest Gleason score, the OR for a Gleason score
of 7 or above versus less than 7 for TMPRSS2:ERG was not
significant (1.08, 0.91–1.30, P ¼ 0.39) and for PCA3
remained significant (1.63, 1.14–2.34, P ¼ 0.0007), sug-
gesting that PCA3 may perform better in predicting aggres-
sive disease than TMPRSS2:ERG. A further limitation
involves the interobserver variability in Gleason scoring,
especially for a relevant subset of cancers in which it is
difficult to distinguish tangentially sectioned pattern 3
versus poorly formed pattern 4 glands (44). However, in

PASS, most biopsies are read by a study pathologist at each
site, and the study pathologists have routine consensus
meetings in which questionable cases are reviewed. Finally,
the power of this study is limited by a relatively uniform
cohort and a small number of Gleason grades �7. As such,
the ROC analysis in Fig. 2 revealed a trend toward statistical
significance, but was likely underpowered because of the
lack of high-grade disease at study entry.

In conclusion, both PCA3 and TMPRSS2:ERG seem to
stratify risk at time of enrollment, for men on active sur-
veillance, of having aggressive cancer as defined by tumor
volume or Gleason score. While there is a statistically valid
trend toward these markers, especially PCA3, predicting
higher grade and volume cancer, further work is needed
to determine their clinical use for men on active surveil-
lance. The results presented here are encouraging, but the
clinically relevant question is how these biomarkers aid in
the prediction of the presence of occult aggressive disease or
progression to an aggressive phenotype over time. To
address these important questions, we are continuing to
expand our cohort, collect and analyze longitudinal clinical
data and specimens, and follow participants to collect long-
term disease status.
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